Existence of degenerate stationary bound states with square integrable radial wave functions was proved when second-order equations are used with the effective potential of the Reissner-Nordström (RN) field with two event horizons for charged and uncharged fermions,. Electrically neutral systems of atomic type (RN collapsars with the definite number of fermions in degenerate bound states) are proposed to consider as particles of dark matter.
Introduction
Earlier in [1] , existence of the degenerate stationary bound state of fermions with binding energy 2 b E mc  (where m is fermion mass, c is light velocity) was proved for the Schwarzschild metric when using self-conjugate second-order equation with the spinor wave function. Energies of degenerate stationary bound states of fermions were announced ibidem for Reissner-Nordström, Kerr, Kerr-Newman fields.
In this paper, we discuss stationary solutions of the second-order equation for fermions in the RN field. Initially, we specify one more time the absence of stationary regular solutions of the Dirac equation in the RN field. The causes of that are:
-square nonintegrability of wave functions in the neighborhood of event horizons (see also [2] ); -non-fulfillment of one of the conditions of stationary bound state existence of fermions in the extreme RN field in the domain outside the single event horizon proved earlier in [3] ; -existence of two regular solutions with square integrable wave functions [4] for the domain under the event horizon of the extreme RN field and for the case of naked RN singularity.
The situation qualitatively changes, when using the self-conjugate second-order equation -it is demonstrated in the paper that the field of naked RN singularity in quantum mechanics with the second-order equation for fermions poses no threat to the cosmic censorship, since the singularity is covered with the infinitely large potential barrier. This conclusion confirms the results of [6] , obtained in quantum mechanics of spinless particles for a number of time-like naked singularities (for the Reissner-Nordström metric included).
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The paper is arranged as follows. In section 2, the self-conjugate Dirac Hamiltonian is obtained in the RN field with the plane scalar product of wave functions, the variables are separated, the asymptotic form of radial wave functions is explored, the existence of non-regular stationary solutions is found out. In case of asymptotics at 0 r  , existence of two square integrable solutions of Dirac equation is found out according to [4] . Section 3 is dedicated to the self-conjugate second-order equation with the spinor wave function. The wave functions of the equation are square integrable in the neighborhood of event horizons and allow one to specify a physically acceptable choice of one of two regular solutions at 0 r  . The singularities of effective potentials testify to the possibility of existence of bound states of fermions both in case of existence of two event horizons and in case of RN naked singularity. Conversely, in this case, absence of the potential well for the extreme RN field testifies to the absence of bound states of fermions 2 
E mc


. In section 4, the second-order equation with the effective potential after Prüfer transformation [7] - [10] and introduction of the phase function is presented as a system of first-order non-linear differential equations. 
Dirac equation in the Reissner-Nordström field
In the paper, we will generally use the system of units 1 c , the signature of the metric of plane space-time is chosen to be
In (1) and below, the underlined indexes are local.
The indexes with Greek letters assume the values of 0,1, 2,3; the indexes with Latin letters assume the values of 1, 2, 3 . The standard rule is used for summation over repeated indexes.
Reissner-Nordström metric
The static RN metric is characterized by a point source of mass M and charge Q 4   2  2  2  2  2  2  2 sin .
In ( 
where r  are radii of external and internal event horizons 
Self-conjugate Hamiltonian
The algorithms for obtaining self-conjugate Dirac Hamiltonians in external gravitational fields by methods of pseudo-Hermitian quantum mechanics are presented in [11] - [13] .
The Dirac equations in the Hamiltonian form for the half- 
In (7) , summation over 1, 2,3 k  is implied.
In equalities (5) - (7), the following denotations are taken. The sign "+" stands for Hermitian conjugacy. The sign "~" above the values means that they have been obtained by 5 using tetrad vectors in Schwinger gauge [14] . 
Taking into account (6) The expression in Hamiltonian (9) , contained in square brackets, depends only on angular coordinates, the rest of the summands depend on the radial coordinate alone.
Separation of variables
For separation of variables, let us present the bispinor 
In order to use the equation, it is convenient to perform the equivalent substitution of matrices in Hamiltonian (9):
,,
In equalities (10), 
jl are quantum numbers of the total angular and orbital momenta of Dirac particles.    can be presented as [16]                                (14) In (14) , the expression after the square root in the parentheses is a two-dimensional matrix,   As the result of separation of variables, we obtain the equations for the radial functions of
In (15) 
In case of availability of external and internal event horizons:
where 7 22 .
For the extreme RN field:
The case of naked RN singularity is implemented at 22 Q   . At   , the leading terms of the asymptotics are (see, for instance, [17] , [18] ) 
Asymptotics
The indicial equation for system (15) leads to the solution of
In this case, the indicial equation for system (15) leads to the solution of
It is seen from (23), (25) that the oscillating parts of solutions (22), (24) However, these solutions are non-physical due to the logarithmic divergence of the normalization integral
near the event horizons.
As the result, as well as the authors in [2] , we arrive at the conclusion of absence of solutions to the Dirac equation corresponding to stationary bound states of fermions in the presence of event horizons in the Reissner-Nordström metric.
Extreme RN field
For the domain outside the event horizon   in [3] , three conditions are specified, at fulfillment of which existence of stationary bound states of fermions is possible:
In (30), (31)
The explicit form of
Equations (30), (31) 
3.1.Stationary solutions of
RN
 
Here and below,
RN
 are stationary solutions of second-order equation (30) ,
in presence of two event horizons (see (23) , (25)) and
case of the extreme RN field (see (27)).
Singularities of effective potentials at
In presence of two event horizons ,
Asymptotics (36), (37) represent inverse square potential wells with coefficient 3 32 1 8 K  , which testifies to the possibility of existence of stationary bound states of quantum mechanical half-spin particles (see, for instance, [20] ). 
Since for bound states 11 em        and the constant of separation is 1   (see (13) 
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The asymptotics (41) represents an infinitely large repulsive barrier.
Square integrability of radial wave functions.
Asymptotics of function
. 
at
From ( . We obtain 12 14 3 ,
The asymptotics (47), (48) correspond to the solution of indicial equation (46) 
From (30), taking into account (49), (41) . However, we do not need it for our purposes, since we have shown above the absence of stationary bound states of fermions with 1   for this case on both sides of the single event horizon. In presence of two event horizons, we can split domain (52) into the three domains of:
Domains (53), (54)  .
We will demonstrate this in section 4 by numerical solutions of second-order equation (30) .
Impenetrable potential barriers
Effective potential (A. 
Asymptotic (56), taking into account (57), can be presented as
Such potential barriers are known to be impenetrable [21] 
Then, let us consider the conditions of singularity emergence (58) in presence of two event horizons and in case of naked RN singularity.
3.2.1Availability of two event horizons
; domains of wave functions: 
Secondly, let us consider the possibility of vanishing for expression (59) at 
Inequality (63) 
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The positivity condition of the radical expression of 0 N  in (57) can be presented as
The discriminant of the trinomial (65) is
The condition (65) .
As the result, the analysis of singularity existence of type (58) is reduced to fulfillment of the three inequalities:
The results of the analysis are presented in Table 1 . 
Prüfer transformation and asymptotic of functions
Then, from the equation (70), taking into account the leading singularity of (41) 2 0 31 8
we obtain the following equation 
Numerical method of solving equations for phase functions. General properties of phase functions
In this paper, we use the following numerical method for solving equation (70).
For the permitted set of values of 11
    , we numerically solve the Cauchy problem with the specified initial condition. To solve the Cauchy problem, we use the fifth-order RungeKutta implicit method with step control (the Ehle scheme of the Radau II A three-stage method 
Availability of two event horizons
In Table 2 In general, the behavior of probability densities is of the same character as that when considering atomic system in the Minkowsky space. It can be noticed that for 
Cosmic censorship
The hypothesis of cosmic censorship, proposed in [25] , bans existence of singularities, not covered with event horizons, in nature. However, it is no complete proof of this hypothesis so far. Many of the researchers, along with black holes, consider generation of naked singularities, their stability and distinctive featuresin the course of experimental observations [26] - [31] .
Geodesic incompleteness of naked RN singularity is well known for classical particles.
Massive test particles, moving geodesically, do not achieve singularity due to the repulsive nature of inner regions of the RN metric.
It is shown in [6] that static metrics exist with time-like singularities (Schwarzschild and
Reissner-Nordström metrics are among them), which prove to be completely non-singular when considering quantum mechanics of spinless particles. The authors [6] note that Schwarzschild and Reissner-Nordström solutions for spinless particles become singular only at negative 0 M  . In the classical case for 0 M  , both the solutions are geodesically complete. In our paper, the results were validated [6] as applied to motion of fermions in the field of naked RN singularity.
Indeed, the leading singularity of the effective potential can be considered as the second atomic system. In this case, the fermions are, with the overwhelming probability, near the external neighborhood   and such an atomic system interacts with other external objects only gravitationally, provided the charge of the RN field source is compensated by the total charge of bound fermions. As well as in the first case, the atomic system neither emits nor absorbs light and other types of emission. It is possible to detect a charge of the RN field source in the given atomic system only by "knocking-out" part of fermions from their orbits due to external action.
Other atomic systems can be candidates for a particle of dark matter, with the energy of 
